Abstract-This paper has proposed a new fog removal technique IDCP which will integrate dark channel prior with CLAHE and adaptive gamma correction to remove the fog from digital images. Fog in image reduces the visibility of the digital images. Poor visibility not only degrades the perceptual image quality but it also affects the performance of computer vision algorithms such as object detection, tracking, surveillance and segmentation.Various factors such as fog, mist and haze caused by the water droplets present in the air during bad weather leads to poor visibility. The proposed algorithm is designed and implemented in MATLAB using image processing toolbox. The comparison among Air-light and the proposed algorithm is also drawn based upon certain performance parameters. The comparison analysis has shown that the proposed algorithm has shown quite effective results.
I. INTRODUCTION
Visibility restoration refers to different methods that aim to reduce or remove the degradation that have occurred while the digital image was being obtained. The degradation may be due to various factors like relative object-camera motion, blur due to camera mis-focus, relative atmospheric turbulence and others. In this we will be discussing about the degradations due to bad weather such as fog, haze, rain and snow in an image. The image quality of outdoor screen in the fog and haze weather condition is usually degraded by the scattering of a light before reaching the camera due to these large quantities of suspended particles (e.g. fog, haze, smoke, impurities) in the atmosphere. This phenomenon affects the normal work of automatic monitoring system, outdoor recognition system and intelligent transportation system. Scattering is caused by two fundamental phenomena such as attenuation and air-light. By the usage of effective haze removal of image we can improve the stability and robustness of the visual system.
Haze removal is a tough task because fog depends on the unknown scene depth information. Fog effect is the function of distance between camera and object. Hence removal of fog requires the estimation of air-light map or depth map. The current haze removal method can be divided into two categories: image enhancement and image restoration. Image enhancement does not include the reasons of fog degrading image quality. This method can improve the contrast of haze image but loses some of the information regarding image. Image restoration firstly studies the physical process of image imaging in foggy weather. After observing that degradation model of fog image will be established. At last, the degradation process is inverted to generate the fog free image without the degradation. So, the quality of degraded image could be improved.
II. LITERATURE SURVEY Chen, et al. (2009) [1] has studied that in bad weather such as fog and haze can significantly degrade the visibility of scene. An iterative algorithm to adjust the color distortion affected by higher saturation using global and local rectifications was proposed. The working of technique like image matting and iterative matte optimization to treat the inherently similar pixels of some object and atmospheric light differently was explained. In this image is modelled as a linear combination of foreground image and background image by a map. Xu, et al. (2009) [2] has examined that images degraded by fog suffer from poor contrast. In order to remove this effect a contrast limited adaptive histogram [3] has explored that haze removal from the image depend upon the unknown depth information. This algorithm is based on the atmospheric scattering physics-based model. In this on selected region a dark channel prior is applied to obtain a novel estimation of atmospheric light. This model is based upon some observation on haze free outdoor image. The intensity of dark channel calculated gives rough approximation of the thickness of haze. Yu, et al. (2011) [4] has proposed a novel fast defogging method from a single image based on the scattering model. A white balancing is used prior to the scattering model applied for visibility restoration. Then an edge-preserving smoothing approach based on weighted least squares (WLS) optimization framework to smooth the edges of image. At last inverse scene albedo is applied for recovery process. Shuai, et al. (2012) [5] discussed problems regarding the dark channel prior of color distortion problem for some light white bright area in image. An algorithm to estimate the media function in the use of median filtering based on the dark channel was proposed. After making media function more accurate a wiener filtering is applied. By this fog restoration problem is converted into an optimization problem and by minimizing mean square error a clearer, finally fog free image is obtained. Cheng, et al. (2012) [6] has proposed a lowest channel prior for image fog removal. This algorithm is simplified from of dark channel prior. It is based on a key fact that fog-free intensity in a color image is usually a least value of tri-chromatic channels. In dark channel prior to estimate the transmission model it performs as a minimum filter for lowest intensity. This filter leads to halo artefacts, specifically in the neighbourhood of edge pixels. In this algorithm instead of minimum filter they utilises exact O(1) bilateral filter based on the raised cosines function to the weight value of neighbour to get fog-free image. Xu, et al. (2012) [7] has recommended a model based on the physical process of imaging in foggy weather. In this model a fast haze removal algorithm which is based on a fast bilateral filtering with dark channel prior is explained. Firstly, the atmospheric scattering model is used to describe the formation of haze image. Then an estimated transmission map is formed using dark channel prior. Then it is combined with gray scale to extract the refined transmission map by using fast bilateral filter instead of soft matting. The reason why the image is dim after the use of dark channel prior is observed and a transmission map formula is proposed to restore the color and contrast of the image. Kang, et al. (2012) [8] has proposed a single image based rain removal frame work by properly formulating rain removal as an image decomposition problem based on MCA (morphological component analysis). Before applying a proposed method image is decomposed into low and high-frequency parts using a bilateral filter. By using sparse coding and dictionary learning algorithms the high frequency part is decomposed into rain component and non-rain component. Sparse coding is a technique of finding a sparse representation for a signal with a small number of nonzero or significant coefficients corresponding to the atoms in a dictionary. After this pre-processing step the proposed MCA (morphological component analysis)-based image decomposition to the HF part that can be further decomposed into the rain component.
Tripathi, et al. (2012) [9] has studied that fog formation is due to air-light and attenuation. Air-light increases the whiteness and attenuation increases the contrast in the scene. So a method is proposed which use bilateral filter to recover scene contrast and for the estimation of light. In this algorithm both pre and post processing steps are performed. Histogram equalization is used as pre processing to increase the contrast of the image prior to fog removal and also help to get better estimation of air-light map. Histogram stretching is used as post processing for increasing the contrast of fog removed image.
Tripathi, et al. (2012) [10] has proposed an algorithm which use anisotropic diffusion for estimation of air-light. For color image RGB (red, green and blue) and HSI (Hue, saturation and intensity) models are used. Wei, et al. (2013) [11] has proposed a fast single image de-hazing algorithm based on the atmospheric scattering model. The proposed algorithm use numerical correction for the phenomenon. Firstly a dark channel phenomenon is applied via optical method, and approach for solving the parameter in atmospheric scattering is derived. Secondly a gray-scale opening operation and fast joint bilateral techniques, to calculate the global atmospheric light is used. Finally, to calculate the scene albedo (reflection coefficient) the model is inverted. Im, et al. (2013) [12] has proposed a novel contrast enhancement method for backlit images that consists of three steps: i)computation of the transmission coefficients using the dark channel prior ii) generation of multiple images having different exposures based on the transmission coefficients and iii) image fusion. This approach first extracts under-exposed regions using the dark channel prior map, and then performs spatially adaptive contrast enhancement. Kil, et al. (2013) [13] has recommended a de-hazing algorithm based on dark channel prior and contrast [16] has observed that chromatic effects of image scattering can be reversed for retrieval of image information. The proposed model considers chromatic as well achromatic aspects of the image to define the Dark Channel prior. Contrast of the restored images is refined by further color fidelity. Dark channel is applied such that result can be obtained for both high saturated pixels and moderately saturated pixels. This model use the HIS color model which is intuitive based on the Intensity (I) and the Saturation (S) components of the foggy pixels.
III. PROBLEM DEFINITION
Main foundation of complications when processing outdoor images is the existence of the noise, haze, fog or smoke which reduces the quality of image by decreasing the contrast of the captured objects. This dissertation proposes a new improved algorithm and alternatives for visibility restoration from a foggy or low density images. The proposed algorithm will integrate dark channel prior, CLAHE and adaptive gamma correction to achieve the objective of this research work.
The main advantage is the probability to handle both color images and gray level images since the ambiguity between the presence of fog and the objects with low color saturation is resolved by presumptuous only small objects can have colors with low intensity. The algorithm is controlled only by a few parameters and consists in: atmospheric veil inference, image restoration and smoothing, tone mapping.
In order to performance comparison, different metrics of images and complexity theory will be considered. An appropriate comparison will be drawn among proposed technique and previous well known techniques.
IV. PROPOSED ALGORITHM (IDCP)
Step I. Read the Input image
Step II. Now CLAHE on L*a*b color space operation will be applied to balance the effect of the light and colors.
Step III. Now Dark channel prior will come in action to reduce the effect of fog from digital image.
Step IV. Now adaptive gamma correction will be applied as a post processing operation to enhance the brightness of the system. Step V. Now we will get the final image which has been visibly restored.
A. CLAHE on L*a*b color space:-Contrast limited adaptive histogram equalization short form is CLAHE. This method does not need any predicted weather information for the processing of hazed image. Firstly, the image captured by the camera in foggy condition is converted from RGB (red, green and blue) color space is converted to LAB color space. A Lab color space is a color-opponent space with dimension L for lightness and (a,b) for the color-opponent dimensions, based on nonlinearly compressed CIE XYZ color space coordinates.
B. Dark channel prior: -Dark channel prior is used for the estimation of atmospheric light in the de-hazed image to get the more proper result. This technique is mostly used for non-sky patches, as at least one color channel has very low intensity at some pixels. The low intensity in the dark channel is mainly due to three factors:-i. Shadows(shadows of car, buildings etc) ii. Colourful objects or surfaces(green grass, tree, flowers etc) iii. Dark objects or surfaces(dark tree trunk, stone etc)
As the outdoor images are usually full of shadows and color-ful, the dark channels of these images will be really dark. Due to fog (air-light), a haze image is brighter than its image without haze. So we can say dark channel of haze image will have higher intensity in region with higher haze. So, visually the intensity of dark channel is a rough approximation of the thickness of haze. compressive power-law nonlinearity is called gamma compression; conversely a gamma value γ> 1 is called a decoding gamma and the application of the expansive power-law nonlinearity is called gamma expansion.
V. EXPERIMENTAL SET-UP
In order to implement the proposed algorithm; design and implementation has been done in MATLAB using image processing toolbox. In order to do cross validation we have also implement the histogram equalization and non linear enhancement technique. Table 1 is showing the various images which are used in this research work. Images are given along with their formats. All the images are of different kind and each image has different kind of the light i.e. more or less in some images. For the purpose of cross validation we have taken 15 different images and passed to the CLAHE and proposed algorithm. Subsequent section contains a result of one of the 15 selected images to show the improvisation of the proposed algorithm over the CLAHE. For rest of the figures we had given the result in terms of parameter and they are compared to show the comparison between the IDCP and CLAHE. 
VII. PERFORMANCE ANALYSIS
This section contains the cross validation between existing and proposed techniques. Some well-known image performance parameters for digital images have been selected to prove that the performance of the proposed algorithm is quite better than the available methods. Table 2 has shown the quantized analysis of the mean square error. As mean square error need to be reduced therefore the proposed algorithm is showing the better results than the available methods as mean square error is less in every case. Table 3 has shown the quantized analysis of the Peak signal to noise ratio (PSNR). As PSNR need to be maximized therefore the proposed algorithm is showing better results than the available methods as PSNR is more in the case of IDCP. Table 4 has shown the quantized analysis of the Geometric evaluation. As it need to be maximized therefore the proposed algorithm has shown the improved results than the available methods as geometric accuracy is more in the case of IDCP. Table 5 has shown the analysis of the standard deviation. It is required to be minimized. It has improved results than the available methods as Standard deviation is either equal or less in the case of IDCP. Table 6 has shown the comparative analysis of the contrast gain between the Air-light and the IDCP. The table has shown that the proposed algorithm has better contrast gain in every case. Therefore the proposed algorithm has shown significant improvement in result except one case. Fig 7 has shown the quantized analysis of the Geometric accuracy evaluation. As it need to be maximized therefore the proposed algorithm has shown the improved results than the available methods as geometric accuracy is more in the case of IDCP. It is required to be minimized. It has also shown significant improvement because in the most of the cases the proposed algorithm has minimized standard deviation. But in certain cases it is more but not much so it is also acceptable. 
VIII. CONCLUSION
Fog removal algorithms become more useful for many vision applications. It is found that most of the existing researchers have neglected many issues; i.e. no technique is better for different kind of circumstances. The existing methods have neglected the use of gamma correction and histogram stretching to reduce the noise problem which will be presented in the output image of the existing fog removal algorithms. To reduce the problems of existing literature a new integrated algorithm has been proposed that has integrated the dark channel prior with CLAHE to enhance the results further.The proposed algorithm is designed and implemented in MATLAB using image processing toolbox. The comparison among Air-light and the proposed algorithm is also drawn based upon certain performance parameters. The comparison analysis has shown that the proposed algorithm has shown quite effective results. The main scope of the proposed algorithm is to improve the accuracy of the Intelligent Transportation System (ITS) especially when lane detection kinds of application come in action in VANETs. Therefore the proposed algorithm will become more useful in to preventing the road accidents as accidents rate is growing day by day due to poor driving and more traffic.
